The production of extracellular nicotinamide adenine dinucleotide glycohydrolase (NADG) and the cell-bound lipoproteinase (serum opacity reaction, SOR) by strains of different serological types of group A streptococci, in relation to the T typing, was studied. The production of both NADG and SOR, or only one of them, was found to be characteristic of serotypes, as determined by M and T antigen. No difference in the production of these enzymes was found in relation to M-positive and M-negative variants. Investigation into NADG and SOR production as related to the T type enabled the division of a single agglutination pattern into four main groups, each of which corresponds to one specific M type or more. Of the 370 strains belonging to 12 different T-agglutination patterns, 21 % produced both enzymes and 42.5%l failed to produce any of them, whereas the remaining 36.5%o produced only one out of the two enzymes. Five streptococcal types which did not produce NADG and SOR also failed to synthesize streptolysin S at the early logarithmic phase of growth, indicating that streptolysin S production by young cultures may be also related to serotype. No correlation was found between the production of NADG-SOR as related to serotype and the production of streptolysin 0, acid phosphotase, esterase, N-acetylglucosaminidase, hyaluronidase, streptokinase, and the cell-sensitizing factor. The practical and potential usefulness of NADG and SOR production in epidemiological studies is discussed.
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Members of group A streptococci produce an extracellular enzyme, nicotinamide adenine dinucleotide glycohydrolase (NADG; reference 10), which splits the nicotinamide-ribose linkage of NAD, and a cell-bound lipoproteinase (16) , which acts upon serum lipoproteinase and is responsible for the serum opacity reaction (SOR).
Extensive investigation into the relationship between the production of streptococcal lipoproteinase by strains of different serological types and production of M antigen has been made by Top et al. (16) and Widdowson et al. (17) . It was found that in large numbers of streptococcal types lipoproteinase production was related to certain serotypes as determined by M antigen. It was also found that there was no variability between M-positive strains and their M-negative variants with regard to the production of this enzyme (16, 17) . On the other hand, only a few M types were previously tested for NADG production (10) , where it was found that enzyme production was also related to certain M types. No data were, however, given on the relationship of M-negative variants of those types and the production of NADG.
In the present investigation, a large number of group A streptococcal strains were tested for their simultaneous production of SOR All strains were classified by T agglutination (6) and M precipitation in agar-gel by using absorbed M antisera prepared in our laboratory (9a (16) . (iii) Streptolysin S (SLS) was determined by a method described previously (5) . (iv) Cell-sensitizing factor (SF) was determined by passive hemagglutination (4). The cellsensitizing antigen was obtained either from the supernatant fluid of streptococcal cultures (4) or after treatment of washed cell suspensions by phenol as described elsewhere (13) . Rabbit serum to heatkilled group A streptococci was used as a source of anti-SF antibodies. (v) Determinations of phosphatase, esterase, and N-acetylglucosaminidase were performed on supernatant fluids or on washed streptococcal suspensions as described in another report (5a). (vi) Hyaluronidase and streptokinase were determined by methods described elsewhere (9) .
RESULTS
In a preliminary examination of stock strains obtained from the CDC in Atlanta, Ga., and from the Cross-Infection Center in Colindale, London, as well as from strains received for routine typing, a distinct association between M type and NADG or SOR production was found. All of the strains of a given type (except type 49) which we examined consistently produced either NADG or SOR, or both, or consistently failed to produce either. Examination of M types 2, 3, 6, and 17 and their M-negative variants (glossy) showed no variations in their ability to produce NADG and SOR. The results concerning SOR were in agreement with those reported previously (16, 17) .
With respect to the formation of NADG and SOR, it is possible to divide the M stock strains received from Colindale, CDC, and from our own stock cultures into four main groups. Table  1 shows that whereas the majority of M types tested either produced both enzymes or failed to produce either, types b These M types were tested for NADG by our laboratory only, whereas the SOR was also tested by Top et al. (2) . The latter obtained similar results to those described above.
cThese M types were tested for NADG and SOR production in our laboratory only. gation), they represent, however, the most common types found in a community.
Screening of streptococcal strains for SOR and NADase. Further screening of streptococcal M types belonging to the agglutination patterns 8/25/Imp. 19 and 4/28 were studied.
The T-agglutination pattern 8/25/Imp. 19 included five established M types which could be divided into three enzymatic groups: (i) nonproducers of either enzyme which included types 55 and 57; (ii) producers of both enzymes which included types 8 and 25; and (iii) producers of NADG only; these included cultures isolated in Israel which could not be typed with the available antisera present in our laboratory. A representative of this group was designated as strain number 1101. Later on, antiserum prepared against this strain reacted specifically with the homologous strains as well as with type 31 obtained from Colindale and CDC. These findings were recently confirmed by these laboratories (personal communication).
The T pattern 4/28 included eight established M types which could also be divided into three enzymatic groups: (i) nonproducers, included Table 2 shows the production of NADG and SOR by routine group A streptococcal strains as typed by the T-agglutination method. The variation in enzyme production in the various T patterns indicates that they include distinct strains, as characterized by their capacity to produce the enzymes. The results on the 370 routine strains (Table 2) show that more than one-third of the strains could be differentiated only when assays for the enzymes were made.
The possibility that the formation of several other group A streptococcal products was also associated with certain serotypes was investigated. It was found that all of the streptococcal strains listed in Table 1 consistently produced phosphatase, esterase, N-acetylglucosaminidase, streptolysin 0, hyaluronidase, and streptokinase. The production of the cell-sensitizing factor was demonstrated by all except one type 19 strain (out of five).
Possible relationship of SLS production to serotype. It has been previously shown that 14, 18) were nonleukotoxic when harvested at the early logorithmic phase of growth. It was later shown that the leukotoxic factor is probably identical with SLS and that the nonleukotoxicity of these serotypes was due to the nonproduction of this hemolysis at this early stage of growth (14) . Table 1 indicates that these serotypes also failed to produce SOR and NADG. Further studies showed that type 55, which also failed to synthesize SLS by young cultures, was a nonproducer of NADG and SOR. Thus, it seems that the production of SLS at the early logarithmic phase of growth is also associated with serotypes. It is also of interest that types 14 and 36, which were found to be nonleukotoxic (1, 18) , also belong to the nonproducers of either NADG or SOR (see Table 1 ).
DISCUSSION
The present data were obtained from a large number of stock strains received from Colindale and CDC or isolated in our laboratory from clinical material submitted for serotyping. These data confirmed and extended for additional M types the findings of Lazarides and Bernheimer (10) on June 24, 2017 by guest http://aem.asm.org/ Downloaded from these T strains could be of special importance in epidemiological studies of streptococcal disease. This is well documented in the study of our T-strain series. For example, the majority of the strains of T pattern 3/13/B3264 (Table 2) Further investigation into the search for other streptococcal products as related to serotype was done. Thus far, esterase, acid phosphatase, hyaluronidase, streptokinase, cell-sensitizing factor, and streptolysin 0 were found to be regularly produced by all members of group A streptococci tested.
On the other hand, at least four serotypes, 1, 5, 19, and 55, which are nonproducers of either SOR and NADG, also failed to synthesize SLS and to kill leukocytes (leukotoxicity) when harvested from the early logarithmic phase of growth. It is also of interest that two additional serotypes, 14 and 36, which are both nonproducers of SOR or NADG were also found to be nonleukotoxic (1, 18) . It is thus probable that assays for SLS production by young cultures may also be useful in the classification of streptococci according to serotype.
Since the biological role of NADG and SOR in the economy of the streptococcus is not fully understood, it would be worthwhile to investigate the association between the nonproduction of NADG and SOR and some biological properties of these types. In this respect, it is interesting that only strains of types 5 and 19 (which are nonproducers of NADG and SOR) were found to share common antigen with mammalian heart tissue (8). Lyampert et al. (11) and Danilova (3) showed that antisera to streptococci of types 5 and 29 (both nonproducers of NADG and SOR), cross-reacted with cardiac myofibrils of mammalian heart tissue. Furthermore, type 1 (a nonproducer) was found to be the only streptococcal type to possess histocompatability antigens (7). On the other hand, all of the group A strains tested which belong to the producer group (types 4, 6, 11, and 49) and to the nonproducer group (types 5 and 14) were found to possess the property of induction of homograft sensitivity (2) . Further studies along these lines would shed more light on the possible relationship of serotype and the production of NADG, SOR, and SLS to certain biological properties of the streptococcus in relation to poststreptococcal diseases.
